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'XH WR WKHYHU\KLJKGHPDQGVRQDYDLODELOLW\DQGHIILFLHQF\RI SURGXFWLRQV\VWHPVDQG LQGXVWULDO V\VWHPVFRQGLWLRQEDVHG
PDLQWHQDQFH LV EHFRPLQJ LQFUHDVLQJO\ LPSRUWDQW 7KH XVH RI FRQGLWLRQ PRQLWRULQJ DSSURDFKHV WR LQFUHDVH WKH PDFKLQH
DYDLODELOLW\DQGUHGXFHWKHPDLQWHQDQFHFRVWVDVZHOODVWRHQKDQFHWKHSURFHVVTXDOLW\KDVLQFUHDVHGRYHUWKHODVW\HDUV7KH
LQVWDOODWLRQ RI LQGXVWULDO VHQVRUV IRU FRQGLWLRQ PRQLWRULQJ UHDVRQV LV FRPSOH[ DQG FRVWLQWHQVLYH 0RUHRYHU WKH FRQGLWLRQ
PRQLWRULQJV\VWHPVDYDLODEOHRQWKHPDUNHWDUHDSSOLFDWLRQVSHFLILFDQGH[SHQVLYH7KHDLPRIWKLVSDSHULVWRSUHVHQWWKHFRQFHSW
RIDZLUHOHVVVHQVRUQHWZRUNXVLQJ0LFUR(OHFWUR0HFKDQLFDO6\VWHPV±0(06VHQVRUVDQG5DVSEHUU\3LIRUGDWDDFTXLVLWLRQ
DQG VLJQDO SURFHVVLQJ DQG FODVVLILFDWLRQ 0RUHRYHU LWV XVH IRU FRQGLWLRQ PRQLWRULQJ DSSOLFDWLRQV DQG WKH VHOHFWHG DQG
LPSOHPHQWHG DOJRULWKPZLOO EH LQWURGXFHG7KLV FRQFHSW UHDOL]HG E\ )UDXQKRIHU ,QVWLWXWH IRU 3URGXFWLRQ 6\VWHPV DQG'HVLJQ
7HFKQRORJ\ ,3.FDQEHXVHG WRGHWHFW IDXOWV LQZHDUVXVFHSWLEOH URWDWLQJFRPSRQHQWV LQSURGXFWLRQV\VWHPV ,W FDQEHHDVLO\
DGDSWHGWRGLIIHUHQWVSHFLILFDSSOLFDWLRQVEHFDXVHRIGHFHQWUDOL]HGGDWDSUHSURFHVVLQJRQWKHVHQVRUQRGHVDQGSRRORIGDWDDQG
VHUYLFHVLQWKHFORXG$FRQFUHWHH[DPSOHIRUDQLQGXVWULDODSSOLFDWLRQRIWKLVFRQFHSWZLOOEHUHSUHVHQWHG7KLVZLOOLQFOXGHWKH







'XH WR WKH YHU\ KLJK GHPDQGV RQ DYDLODELOLW\ DQG
HIILFLHQF\ RI SURGXFWLRQ V\VWHPV DQG LQGXVWULDO V\VWHPV
FRQGLWLRQPRQLWRULQJLVEHFRPLQJLQFUHDVLQJO\LPSRUWDQW7KH
XVH RI FRQGLWLRQ EDVHG PDLQWHQDQFH DSSURDFKHV WR LQFUHDVH
WKHPDFKLQHDYDLODELOLW\DQGWRUHGXFHWKHPDLQWHQDQFHFRVWV




WR WKH FRPSRQHQW XQGHU FRQVLGHUDWLRQ 7KHVH DUH DOVR WRR
H[SHQVLYH DQG QHHG DGGLWLRQDO KDUGZDUH DQG VRIWZDUH LQ
RUGHU WR HQDEOH FRPPXQLFDWLRQ GDWD DFTXLVLWLRQ DQG
FRQGLWLRQLQJ IRU DGGLWLRQDO DSSOLFDWLRQV VXFK DV FRQGLWLRQ
PRQLWRULQJ
0RUHRYHU WKH FRQGLWLRQ PRQLWRULQJ V\VWHPV DYDLODEOH LQ
WKH PDUNHW DUH FRVWH[SHQVLYH DQGPRVWO\ GHVLJQHG RQO\ IRU
DSSOLFDWLRQ VSHFLILF XVH 7KH LPSOHPHQWDWLRQ RI D ZLUHOHVV
VHQVRU QHWZRUN IRU FRQGLWLRQ PRQLWRULQJ DSSOLFDWLRQV FDQ
LQFUHDVHWKHDGDSWDELOLW\DQGIOH[LELOLW\RILWVXVHIRUPDQLIROG
DSSOLFDWLRQV 7KH\ ZLOO HQDEOH WKH GLVWULEXWHG GDWD
SUHSURFHVVLQJ IHDWXUH H[WUDFWLRQ DQG FODVVLILFDWLRQ RQ WKH
VHQVRU QRGH )XUWKHUPRUH LQWHOOLJHQW DOJRULWKPV IRU IDXOW
GHWHFWLRQ DQG GLDJQRVLV FDQ EH LPSOHPHQWHG RQ WKH VHQVRU
QRGHOHYHOZKLFKDOORZVGHFHQWUDOL]HGGDWDSURFHVVLQJ>@
,Q DGGLWLRQ WKH PDLQ LQGXVWULDO VHQVRUV DYDLODEOH LQ WKH
PDUNHWDUHZLUHGDQGYHU\H[SHQVLYHDQGKDYHQRUPDOO\OLWWOH
RU QR LQWHOOLJHQFH 7KHUHIRUH WKH LQGXVWU\ VHQVRUV DUH OHVV
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VXLWDEOH IRU PDQ\ FRQGLWLRQ PRQLWRULQJ DSSOLFDWLRQV ,Q
FRPSDULVRQ 0LFURHOHFWURPHFKDQLFDO V\VWHPV 0(06
VHQVRUV DUH FRVWHIIHFWLYH KLJKO\ LQWHJUDWDEOH %HVLGHV WKH\
FRQVXPHOHVVHQHUJ\DQGDUHKLJKO\FRQILJXUDEOH>@
2. Vibration sensor based on MEMS accelerometer for 
condition monitoring
7KH PRVW FRPPRQ WHFKQLTXH XVHG IRU FRQGLWLRQ
PRQLWRULQJ RI ZHDUVXVFHSWLEOH URWDWLQJ FRPSRQHQWV LV WKH










RI DSSOLFDWLRQ LV OLPLWHG IRU LQVWDQFH EHFDXVH RI WKH
VHQVLWLYLW\WRKXPLGLW\
1HYHUWKHOHVV WKH XVH RI 0(06 VHQVRUV ZLWK DVVRFLDWHG
GHYHORSPHQWERDUGVXFKDV5DVSEHUU\3L$UGXLQR5DQG
%HDJOH %RQH %ODFN IRU PRQLWRULQJ RI ZHDUVXVFHSWLEOH
URWDWLQJ FRPSRQHQWV FDQ EH DQ DOWHUQDWLYH WR WKH YHU\
H[SHQVLYH FRQGLWLRQ PRQLWRULQJ VROXWLRQV DYDLODEOH RQ WKH
PDUNHWZKLFKXVHLQGXVWULDOVHQVRUGDWD
3. Concept of the wireless sensor network 
7R LQFUHDVH WKH PDFKLQH DYDLODELOLW\ DQG UHGXFH WKH
GRZQWLPHDVZHOODVWKHPDLQWHQDQFHFRVWVDZLUHOHVVVHQVRU
QHWZRUNIRUFRQGLWLRQPRQLWRULQJ LV LQVWDOOHG ,W LVFRPSRVHG
RI IRXU LQGLYLGXDO QRGHV ZKLFK FDQ DFW LQGHSHQGHQWO\ IURP
HDFK RWKHU (DFK RI WKHVH QRGHV GLVSRVHV RI D 0(06















)LJ  VKRZV D VLPSOLILHG VFKHPDWLF VWUXFWXUH RI WKH




7KH FRQFHSW SUHVHQWHG LQ )LJ  FRQVLVWV RI WKH ZLUHOHVV
VHQVRUQHWZRUNZKLFK LQFOXGHV D0(06YLEUDWLRQ VHQVRU D
PLQLFRPSXWHU5DVSEHUU\WKHFORXGLQFOXGLQJVHUYLFHVDQG
DVPDUWGHYLFHIRUUHPRWHDFFHVVDQGYLVXDOL]DWLRQ
7KH GDWD DFTXLVLWLRQ DQG SURFHVVLQJ LV UHDOL]HG RQ WKH
VHQVRU QRGH OHYHO )XUWKHUPRUH WKH FODVVLILFDWLRQ RI WKH
IHDWXUHV H[WUDFWHG IURP WKHGLDJQRVLV VLJQDO LV WUDQVPLWWHG WR
WKH FORXG VHUYHU 2Q WKH FORXG VHUYHU WKHUH DUH DSSOLFDWLRQV
DQG VHUYLFHV DYDLODEOH IRU PDLQWHQDQFH SODQQLQJ UHPRWH
FRQGLWLRQPRQLWRULQJHWF
9LD VPDUW GHYLFH WKH VHUYLFH WHFKQLFLDQ RU PDLQWHQDQFH
SODQQHU FDQ UHFHLYH WKH UHSRUWV JHQHUDWHG XVLQJ D FRQGLWLRQ
PRQLWRULQJ SURFHVVLQJ XQLW 7KLV DOORZV UHPRWH FRQWLQXRXV
PRQLWRULQJ RI WKH SURGXFWLRQ V\VWHP DQG HQDEOHV FRQGLWLRQ
EDVHGPDLQWHQDQFHGHFLVLRQPDNLQJRIWKHV\VWHPFRQFHUQHG
4. Distributed condition monitoring on wireless sensor 
network and in the cloud  
7KHVWHSVRISDWWHUQUHFRJQLWLRQRQWKHVHQVRUQRGHLQFOXGH
GDWD DFTXLVLWLRQ VLJQDO SUHSURFHVVLQJ IHDWXUH H[WUDFWLRQ DQG
VHOHFWLRQDQGFODVVLILFDWLRQ
)LUVWO\ WKH YLEUDWLRQ GDWD DUH FROOHFWHG XVLQJ D 0(06
YLEUDWLRQVHQVRUZLWKDVDPSOLQJUDWHRI+]
,Q WKH VHFRQG VWHS WKH UDZ GDWD DUH SUHSURFHVVHG XVLQJ
GLIIHUHQW PHWKRGV VXFK DV ORZSDVV ILOWHULQJ DQG )RXULHU
WUDQVIRUP 7KHQ WKH IHDWXUHV IURP WKH SUHSURFHVVHG VLJQDOV
DUH H[WUDFWHG )HDWXUH H[WUDFWLRQ FDQ EH GRQH E\ FDOFXODWLQJ
FKDUDFWHULVWLF VLJQDO SDUDPHWHUV 7KHVH DUH IRU H[DPSOH
VWDWLVWLFDO IHDWXUHV VXFK DV YDULDQFH 5RRW PHDQ VTXDUH
506 YDOXH NXUWRVLV VNHZQHVV HWF ,Q WKH QH[W VWHS
VXLWDEOH IHDWXUHV DUH VHOHFWHG 7KLV VWHS DIIHFWV WKH
FODVVLILFDWLRQ UHVXOWV 7KHUHIRUH WKH VHOHFWLRQ RI SURSHU




$IWHU WKH FODVVLILFDWLRQ RI WKH IHDWXUHV LV VXFFHVVIXOO\
FRPSOHWHGWKHUHVXOWIURPHDFKVHQVRUQRGHLVWUDQVPLWWHGWR
WKH FORXG ,I D FRPSRQHQW LV GDPDJHG LW LV GHWHFWHG DQG WKH
VHUYLFHWHFKQLFLDQZLOOEHLQIRUPHGVRWKDWWKHDFWLRQQHHGHG
Wireless sensor network
S ystem C loud
Apps
S mart D evice
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FDQ EH WDNHQ )RU WKLV SXUSRVH DQ DSSOLFDWLRQ IRU VPDUW
GHYLFHVLVGHYHORSHG
)LJ  LOOXVWUDWHV WKH FKRVHQ VWUXFWXUH RI GLVWULEXWHG




UROOHU EHDULQJV DQGJXLGDQFH RI WKHPDFKLQH WRRO 7KHUHIRUH
HDFKQRGHRI WKH VHQVRUQHWZRUN LV UHVSRQVLEOH IRUFRQGLWLRQ
GHWHFWLRQRIRQHRI WKHFRPSRQHQWVXQGHUFRQVLGHUDWLRQ7KH
GDWD DFTXLVLWLRQ VLJQDO SUHSURFHVVLQJ IHDWXUH H[WUDFWLRQ DQG
VHOHFWLRQDQGFODVVLILFDWLRQZLOOEHUHDOL]HGRQHDFKQRGH
,Q WKLV ZRUN IRXU 5DVSEHUU\ 3L  PRGXOHV DUH XVHG DV
ZLUHOHVV VHQRU QRGHV DQG DQ DGGLWLRQDO5DVSEHUU\PRGXOH LV
FRQILJXUHG DV D ORFDO VHUYHU &ORXG 7KLV LV UHDOL]HG XVLQJ
$SDFKH +773 :HE 6HUYHU 3+3 PRGXOH DQG D 'DWDEDVH




RI WKH FRPSOHWH V\VWHP LPSOHPHQWHG )XUWKHUPRUH VHYHUDO
VHUYLFHV IRU GLIIHUHQW XVHUV DUH HJ PDLQWHQDQFH SODQHU
VHUYLFHWHFKQLFLDQLPSOHPHQWHG
)RUGDWDVHFXULW\DVSHFWVWKHVHQVRUQRGHVDUHSURWHFWHGE\








,Q RUGHU WR HYDOXDWH WKH VROXWLRQ LPSOHPHQWHG YLEUDWLRQ
GDWD XVLQJ 0(06 VHQVRU ZDV DFTXLUHG RQ DQ D[LV WHVW ULJ
IURPD&1&FRQWUROOHGFHQWHUOHVVJULQGLQJPDFKLQH7KLVWHVW
ULJLQFRUSRUDWHVDWRSVOLGHDQLQVLGHVOLGHDQGDPDFKLQHEHG
)XWKHUPRUH WZRDV\QFKURQRXVPRWRUVGULYH WKHEDOO VFUHZV
ZKLFKPRYH WKH VOLGHV DORQJ WKHXQORDGLQJ D[LV; DQG WKH





RI WUDLQLQJ GDWD LQ RUGHU WR HYDOXDWH WKH LPSOHPHQWHG
DOJRULWKPV )RU WKLV SXUSRVH UHSURGXFLEOH GDPDJHV ZHUH
FUHDWHGXVLQJWKH/DVHUSRZGHUFODGGLQJPHWKRG$ILYHD[LV
7UXPSI7UX/DVHUZLWKYDULRXVODVHUVSRWGLDPHWHUVZDV
XVHG WR FUHDWH WKH IDXOWV RQ WKH VXUIDFH RI WKH VSLQGOHV ,Q
DGGLWLRQ D IDXOW ZDV FUHDWHG RQ WKH QHHGOH UROOHUD[LDO
F\OLQGULFDOUROOHUEHDULQJVSLQGOH
7KHDFFHOHUDWLRQRIWKHVSLQGOHVZDVPHDVXUHGRQWKHD[LV
WHVW ULJ XVLQJ GLIIHUHQW RSHUDWLQJ SDUDPHWHUV GXULQJ WKH
H[SHULPHQWV 7KH\ ZHUH FRQGXFWHG UHSHDWHGO\ XQGHU H[DFWO\
WKH VDPH FRQGLWLRQV 7KHUHIRUH D &1& WHVW SURJUDP ZDV
GHYHORSHG
7KH YLEUDWLRQ GDWDZHUHPHDVXUHG XVLQJ D0(06 VHQVRU
ZLWKD VDPSOLQJ UDWHRI+])LJ VKRZV WKHFROOHFWHG
YLEUDWLRQGDWDDWPPPLQDQGDWPPPLQIRUWKUHH




Wireless sensor network  
Signal preprocessing Feature extraction  and selection
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7KH IHDWXUH H[WUDFWLRQ XVLQJ 3\WKRQ LV UHDOL]HG RQ WKH
5DVSEHUU\3\WKRQZDVVHOHFWHGWREHXVHGIRUWKLVDSSOLFDWLRQ
EHFDXVHLWLVDIDVWSURJUDPPLQJODQJXDJHZLGHO\XVHGLQWKH
ILHOG RI GDWD DQDO\VLV XVLQJ PDFKLQH OHDUQLQJ PHWKRGV 7R
HQDEOH WKH IHDWXUH FDOFXODWLRQ DQG FODVVLILFDWLRQ RQ WKH
5DVSEHUU\ H[WHQVLRQV WR WKH 3\WKRQ SURJUDPPLQJ ODQJXDJH
VXFK DV 1XPS\ 6FL3\ 0DWSORWOLE DQG 6FLNLWOHDUQ ZHUH
XVHG
)RU WKH FDOFXODWLRQ RI WKH VHOHFWHG IHDWXUHV VXFK DV
VWDWLVWLFDO YDOXHV YDULDQFH PHDQ DQG NXUWRVLV WKH 6FLS\
OLEUDU\LVXVHG,WLQFOXGHVWKHIXQFWLRQVIRUWKHFDOFXODWLRQRI
WKHVWDWLVWLFDOYDOXHV
)RU WKH FODVVLILFDWLRQ RI WKH IHDWXUHV H[WUDFWHG D VXSSRUW
YHFWRU PDFKLQH DOJRULWKP LV LPSOHPHQWHG >@ 690 LV D
FRPSXWDWLRQDO OHDUQLQJ PHWKRG EDVHG RQ WKH VWDWLVWLFDO
OHDUQLQJ WKHRU\7KLV IXQFWLRQDFWVDVDQH[SHUWV\VWHP690
LV EDVHG RQ WKH 9DSQLN&KHUYRQHQNLV 9& 7KHRU\ >@
ZKLFK KDV UHFHQWO\ HPHUJHG DV D JHQHUDO PDWKHPDWLFDO
IUDPHZRUN IRU HVWLPDWLQJ GHSHQGHQFLHV IURP ILQLWH VDPSOHV
9&WKHRU\FRPELQHVIXQGDPHQWDOFRQFHSWVDQGVHOIFRQVLVWHQW
PDWKHPDWLFDO WKHRU\ZHOOGHILQHGIRUPXODWLRQDQGSULQFLSOHV
UHODWHG WR OHDUQLQJ 690 LV XVHG VXFFHVVIXOO\ LQ PDQ\
FODVVLILFDWLRQ SUREOHPV OLNH WH[W FDWHJRUL]DWLRQ LPDJH
FODVVLILFDWLRQDQGELRLQIRUPDWLFV
)RUIDXOWGHWHFWLRQDQGGLDJQRVLVLQLQGXVWULDODSSOLFDWLRQV




KLJK GLPHQVLRQDO QRQOLQHDU FODVVLfiFDWLRQ SUREOHPV ZKLOH
RWKHUVWDWLVWLFDOFODVVLfierVRIWHQ IDLO LQDFKLHYLQJ LW7KH LGHD




$IWHU VLJQDO SUHSURFHVVLQJ WKH VWDWLVWLFDO IHDWXUHV DUH
H[WUDFWHG)RUWKHSXUSRVHRIFODVVLILFDWLRQDSSURSULDWHGDWDLV
VHOHFWHG 7KH LPSOHPHQWDWLRQ RI WKH 690 DOJRULWKP RQ WKH
5DVSEHUU\LVGRQHLQ3\WKRQ7KHIHDWXUHH[WUDFWLRQDQG690






YDULDQFH IRU WKH FODVVLILFDWLRQ VWHS RI WKH GDWD DW 
PPPLQDUHFRUUHFWO\FKRVHQ
7KHFODVVLILFDWLRQDFFXUDF\XVLQJGLIIHUHQWWHVWGDWDDW
PPPLQ DQGPPPLQ LV DOVR LOOXVWUDWHG LQ)LJ 7KLV
GLVSOD\V WKDW WKH IHDWXUHV VHOHFWHG IRU WKH FODVVLILFDWLRQ )LJ
 IRUDOO WHVWGDWDDWPPPLQ LV,QFRQWUDVW WKH
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6. Conclusion and future work 
7KH FRQFHSW SUHVHQWHG LQ WKLV SDSHU ZDV LPSOHPHQWHG WR
HQDEOH HPEHGGHG GDWD DFTXLVLWLRQ DQG VLJQDO SURFHVVLQJ
XVLQJ 5DVSEHUU\ 3L  DQG 0(06 YLEUDWLRQ VHQVRU 7KLV
DOORZV WKH UHDOL]DWLRQ RI FRQGLWLRQ PRQLWRULQJ VROXWLRQV IRU
GLIIHUHQW DSSOLFDWLRQV 0RUHRYHU WKH XVH RI WKLV FRQFHSW WR
GHVLJQ D ZLUHOHVV VHQVRU QHWZRUN IRU FRQGLWLRQ PRQLWRULQJ
DSSOLFDWLRQVFDQEHXVHGWR LQFUHDVHPDFKLQHDYDLODELOLW\DQG
RSWLPL]H WKH PDLQWHQDQFH SODQQLQJ ,Q SDUWLFXODU WKH XVH RI
0(06VHQVRUV WRDFTXLUH WKHGLDJQRVLVVLJQDOVZLWKVXLWDEOH
PLQLFRPSXWHU VXFK DV 5DVSEHUU\ DOORZV TXLFN DQG VLPSOH
DGDSWDWLRQRIDZLGHYDULHW\RILQGXVWULDODSSOLFDWLRQV
)XUWKHUPRUH LW HQDEOHV GHFHQWUDOL]HG GDWD SUHSURFHVVLQJ
IHDWXUH H[WUDFWLRQ DQG VHOHFWLRQ DV ZHOO DV FODVVLILFDWLRQ RQ
WKH VHQVRU QRGH OHYHO 7KLV FRQFHSW FDQ EH FRQILJXUHG IRU D
YDULHW\ RI LQGXVWULDO DSSOLFDWLRQV WR UHDOL]H FRQGLWLRQ
PRQLWRULQJRIFRPSRQHQWV
7KH FRQFHSW IRU WKHZLUHOHVV VHQVRU QHWZRUN UHDOL]HG DQG
LOOXVWUDWHG LQ WKLVSDSHUZLOOEH LQVWDOOHGDWGLIIHUHQWPDFKLQH
WRROV ZLWK WKH IHHG D[LV LQ WKH )UDXQKRIHU ,3. WHVW ILHOG LQ
RUGHU WR YDOLGDWH LW XQGHU VHYHUDO ZRUNLQJ FRQGLWLRQV ,Q
DGGLWLRQ DQRWKHU YLEUDWLRQ 0(06 VHQVRU ZLWK KLJKHU
VDPSOLQJUDWHLVSODQQHGWREHXVHG
,Q WKH IXWXUH UHVHDUFK DFWLYLWLHV WKH LPSOHPHQWDWLRQ RI
GLIIHUHQWFODVVLILFDWLRQDQGFOXVWHULQJDOJRULWKPVRQWKHVHQVRU
QRGHV ZLOO EH DGGUHVVHG 7KLV ZLOO HQDEOH WKH FRQGLWLRQ
PRQLWRULQJVWHSVVLJQDOSUHSURFHVVLQJIHDWXUHH[WUDFWLRQDQG
FODVVLILFDWLRQRIWKHDFTXLUHGGDWDGLUHFWRQWKHQRGH
7KH LQVWDOODWLRQ RI WKH ZLUHOHVV VHQVRU QHWZRUN XVLQJ
5DVSEHUU\ 3L  PRGXOHV DQG0(06 YLEUDWLRQV VHQVRUV ZLOO
UHGXFH WKH FRVWV RI WKH LQVWDOODWLRQ RI LQGXVWULDO VHQVRUV
DOORZHGDQHDV\DGDSWDELOLW\WRGLIIHUHQWVSHFLILFDSSOLFDWLRQV
E\ GHFHQWUDOL]HG GDWD SUHSURFHVVLQJ IHDWXUH H[WUDFWLRQ DQG
VHOHFWLRQ DQG FODVVLILFDWLRQ RQ WKH VHQVRU QRGHV DQG PRELOH
SURYLVLRQRIHYDOXDWLRQV
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